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Supporting	  information:	  	  Control	  studies	  
 
Control study 1: Effects of task order on infant visual preferences (eye-tracking only). 
 
 
In the main study the eye-tracking task was always performed after the ERP task. To 
control for the effects of presentation order on the eye-tracking results we also tested 
an additional nine infants (4 boys, mean age 30.1wks) solely in the eye-tracker. 
We compared the eye-tracking data from both main and control studies in a two-way 
mixed-model ANOVA with Group (2 levels: main, control) x Condition (4 levels: 
VbaAba, VgaAga, VbaAga, VgaAba) as factors. The analysis did not yield any 
significant effect of group (F(1,24)=.04; p=..85), or Group x Condition interaction 
(F(3,72)=.10; p=.96).  
 
 
Control study 2: Auditory speech sounds only (ERP study).  
 
This control study with 6 infants (3 boys, mean age 29.3 wks) was carried out in order 
to examine how much of the ERP amplitude can be explained by the auditory 
potentials and how much by the visual evoked potentials. The same audiovisual 
stimuli in an identical to the main study paradigm were presented to the infants 
(audiovisual condition) as well as the same stimuli but without visual counterpart 
(/ba/ and /ga/, auditory only condition). During the auditory only condition infants 
were quietly entertained by a researcher. Figure S1 demonstrates clear auditory 
infantile P2 (see Kushnerenko et al., 2007) in response to auditory-only /ba/ and /ga/ 
syllables (grey and dotted lines).  Although the presentation of these stimuli in 
audiovisual mode results in increase of ERP amplitudes over occipital areas (red and 
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blue lines), the contribution to the frontal and central ERP amplitudes in this 
experimental condition appears to be minimal. Moreover the frontal and central areas 
the P2 showed slightly lower amplitude for AV stimuli than for auditory-only stimuli, 
which is consistent with van Wassenhove et al. report (Van Wassenhove et al., 2005), 
who found amplitude reduction for adults’ N1/P2 due to processing facilitation for 
congruent AV pairs as compared to auditory only stimuli.  
 
 
Control Study 3. Responses to audio-visual speech stimuli in adult participants (ERP 
study). 
 
Twelve adults (5 males, mean age 26 years, age range 20-34 years) were tested using 
the same stimuli and procedure as described in the main study with infants, in order to 
examine the adult pattern of the AVMMR. As seen in Figure S7, there is a noticeable 
difference in the processing of AV pairs composed of visual /ga/ (VgaAga, VgaAba) 
and those with visual /ba/ (VbaAba, VbaAga) in adults over occipital electrodes, with 
a smaller effect over frontal channels. However, the right fronto-central positivity 
(AVMMR) in response to VbaAga-combination was not observed in adult 
participants neither at the group level, nor after careful visual inspection of individual 
waveforms for each participant. Therefore, we suggest that the right fronto-central 
positivity found for our infant sample (AVMMR) may represent a developmentally 
transient infant ERP component linked to the maturation of audiovisual processing.  
Note that the present study did not employ an oddball paradigm used in previous adult 
studies (Saint-Amour et al., 2007; Hessler et al., 2013), where AVMMR was elicited 
in response to the deviant among repetitive standards and not to the audio-visual 
violation per se.  
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In the present study the stimuli were presented equiprobably; thus, each stimulus was 
different from the previous one and there were no “deviant” stimuli. The AVMMR 
was elicited therefore only for the violation between auditory and visual inputs (not 
for an oddball).  
Therefore, the data from these oddball paradigms do not contradict our results. On the 
contrary these studies provide corroborative evidence that incongruent audiovisual 
cues are perceived as integrated by adults. 
Although the direct comparisons between infant and adult ERP data are problematic 
due to different latencies and scalp distribution, similar trends in brain responses to 
various auditory stimuli have been reported (Kushnerenko et al., 2001, 2007). 
Therefore we indicate here with caution that the pattern of adult response to 
audiovisually incongruent stimuli resembles the ERP pattern observed in infants who 
spent relatively more time watching mouth articulation during the eye-tracking test 
(the MP group of infants).  
 
 
 
Supporting	  information:	  	  Additional	  Data	  for	  the	  Main	  Study	  
 
Additional between-group analyses in the time window 140-240 ms  
 	  
When infants were split into two groups (MP and NMP) by their looking preferences, 
we observed a larger frontal P2 amplitude in the MP group (peaking ~190 ms from 
the sound onset, compare Figures S6 and S7). This effect was tested in an earlier time 
window (140 – 240 ms) separately for each channel group using four-way ANOVAs 
with condition (congruent vs. incongruent) x articulation (/ba/ vs. /ga/) x hemisphere 
(left, right) as within-subject factors and group (MP, NMP) as a between-subject 
factor. For frontal channels we have found a significant effect of condition 
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(F(1,20)=8.03, p=.01, η2=.29), which indicated larger P2 amplitudes in response to 
both incongruent stimuli than to congruent ones. A significant Group x Condition 
interaction (F(1,20)=5.86, p=.025, η2=.23) indicated that the frontal amplitudes in 
response to incongruent trials were larger in infants who spent more time looking at 
the mouth area (MP) compared with infants without mouth preference (NMP).  
Although the results of our Control Study 1 (Figure S1) demonstrated that this early 
positivity mainly represents the auditory P2 component, we cannot completely rule 
out the possible contribution of the visual evoked potentials as the increase in frontal 
P2 amplitude was associated with the increase of the negativity over occipital areas in 
response to incongruent trials.  
It should be noted however that the increase in frontal P2 amplitude was observed in 
response to the incongruent stimuli only, but not to the congruent ones. Therefore, the 
activation from the visual areas, if any, could not purely reflect overall longer looking 
time to the mouth because the MP group of infants showed longer looking times to 
the mouth in both congruent and incongruent AV conditions while the ERP responses 
to the congruent stimuli did not differ between the MP and the NMP groups. 	  
Therefore, we hypothesize here with caution that the increase of the P2 in response to 
incongruent stimuli in the MP group of infants might be related to recruitment of 
additional attentional resources while integrating the ambiguous audiovisual cues. 
This is consistent with the literature on auditory infantile P2, which was suggested to 
be related to attentional processes (Kushnerenko et al., 2007, 2013). This hypothesis 
is also in accordance with the eye-tracking data demonstrating increase in looking 
times to incongruent audiovisual conditions by 9 month of age (Tomalski et al., 
2012).   
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Figure S1. ERP responses to auditory only and audiovisual /ba/ and /ga/ syllables in 
infants. 
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Figure S2. Channel groups selected for statistical analyses.  
 
 
 
 
 
Left prefrontal : 18, 22 (Fp1),23, 26, Right prefrontal : 2,  3, 9 (Fp2), 10, Left central: 
13, 29, 30, 36 (C3), 37, Right central : 104 (C4), 105 (C2), 111 (FC4), 112(FC2), 87 
(Cp2) Left temporo-parietal: 50, 51, 52 (P3), 57 (left mastoid), 58 (T5), Right 
temporo-parietal: 92 (P4), 96 (T6), 97, 100 (right mastoid), 101, Left occipital: 60, 66, 
67, 70 (O1), 71, Right occipital 76, 77, 83 (O2), 84, 85 
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Figure S3. Stimulus position and size in visual angle along with the positioning 
and size of the eyes and mouth Areas of Interest (AOIs) in eye-tracking study.  
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Figure S4. ERP responses to AV stimuli in  NMP group of infants 
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Grand-averaged ERP responses for the No-Mouth-Preference (NMP) group to the 
audiovisual stimuli: VbaAba (thin grey), VbaAga (orange), VgaAba (blue) and 
VgaAga (black, dotted). Topographic maps represents the voltage difference between 
responses to VbaAga and VbaAba pairs (right) and VgaAba and VgaAga pairs (left) 
within the time window 290 to 390 ms. TW1- time window 140-240 ms, TW2 – time 
window 290-390 ms.  
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Figure S5. ERP responses to AV stimuli  in MP group of infants 
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Grand-averaged ERP responses for the Mouth Preference (MP) group to audiovisual 
stimuli: VbaAba (thin grey), VbaAga (orange), VgaAba (blue) and VgaAga (black, 
dotted), time-locked to the sound onset. Topographic maps represent the voltage 
difference in responses to VbaAga and VbaAba pairs (right) and VgaAba and 
VgaAga pairs (left) within the time window 140 to 240 ms. 
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Figure S6. ERPs in the younger and the older group of infants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Grand-averaged ERPs for the younger (6 to less than 7.5 months, n = 11, left) and the 
older infant groups (more than 7.5 to 9 months, n=11, right) in response to AV 
stimuli: VbaAba (thin grey), VbaAga (orange), VgaAba (blue) and VgaAga (black, 
dotted). Selected channels are shown according to the 10-20 system. TW1 – time 
window 140-240 ms, TW2 -  time window 290-390 ms. Note that the group-averaged 
ERP results obscure the meaningful individual differences in the level of maturation 
of multisensory processing in individual infants, that is, AVMMR is not observable at 
the group level. 
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Figure S7. Results of control study 3: Adult ERP responses to audiovisually 
congruent and incongruent stimuli. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Event-related potentials recorded from group of adults (n=12) in response to VbaAba 
(thin gray), VbaAga (orange), VgaAba (blue) and VgaAga (black, dotted) in the 
control adult study (n=12). The stimuli and procedure are the same as in the Methods 
section for infants. 
 
